Introduction
Recently, three genome-wide association studies identified and validated multiple novel loci as contributors to breast cancer susceptibility (1) (2) (3) . In two of these studies (1, 2) , the most significant association was with a common variant (rs2981582) in FGFR2, a gene implicated in mammary carcinogenesis (4) (5) (6) . However, for all loci, the specific biological pathways that are disrupted and the mechanisms through which these common genetic variations contribute to breast cancer risk remain unclear.
Mammographic density (MD) is an important risk factor for breast cancer (7) and might be predominantly inherited (8) , but the gene(s) responsible are, to a large extent, unknown. In the present study, we investigated whether these established breast cancer variants are also associated with MD. Given the known effects of postmenopausal hormone therapy on MD (9, 10), we addressed this question in a study of breast cancer patients under the age of 50.
Materials and Methods
This study has previously been described (11) . Female patients diagnosed with histologically confirmed first primary invasive breast cancer were identified through the Los Angeles County Cancer Surveillance Program. Eligible cases were U.S.-born and English speaking, white (including Hispanic) or African-American females, ages 20 to 49 years. Among the 2,882 potentially eligible cases, 1,794 (62%) were interviewed. The study was approved by the Institutional Review Board of the University of Southern California. All participants provided written informed consent.
All subjects were interviewed in-person using a structured questionnaire which covered information on standard breast cancer risk factors. We obtained and digitized mammographic films of the contralateral (noncancerous) breast on 639 of 866 women with unilateral cancer for whom we requested mammograms. Estrogen and progesterone receptor information (ER/PR) was abstracted from pathology reports.
Blood specimens were collected from 588 (92%) women with mammograms. DNA was available on 578 women for the current study. The heterogeneity of genetic effects has been observed for some of these variants between African-Americans and other populations, which presumably reflects differences in linkage disequilibrium between these variants and the underlying causal alleles (1, 3) . Thus, we limited our analysis to 516 whites (429 non-Hispanic, 87 Hispanic). We genotyped six single nucleotide polymorphisms (SNP; rs889312, rs2981582, rs3803662, rs3817198, rs13281615, and rs13387042) using TaqMan assays as previously described (1, 3) . The genotyping call rate was 97% to 98% for all six SNPs. We included 33 blind duplicate samples which had completely consistent results with the original samples. All SNPs were in Hardy-Weinberg equilibrium in each population.
MD was quantified (by G. Ursin) using the University of Southern California Madena computer-assisted assessment method (12) . The breast area was outlined by a research assistant trained by G. Ursin. The Madena software counts the area of absolute density as well as the total breast area. The percent mammographic density was equivalent to the amount of absolute density divided by the total breast area.
Statistical Analyses. We examined the association between the carrier status of these SNPs and the mammographic percentage density using multivariable linear regression. The models were adjusted for age at diagnosis, ethnicity, menopause, hormone use, and body mass index 1 year prior to the diagnosis. We examined allele dosage effects because the previous studies support the codominant effects of these variants on breast cancer risk (1-3). We also examined associations by ER/PR status as the effects of rs3803662 and rs13387042 were shown to be stronger in ER+/PR+ cases (3). All P values reported are two-sided. SAS 9.1 was used for all analyses (SAS Institute).
Results
Among whites, minor allele frequencies for each of the SNPs were similar to those in the genome-wide studies, except for rs3803662 (0.36), which was slightly more common than in previous studies (f0.25; refs. 1, 3) .
We observed no association between these six SNPs and percent mammographic density (Table 1) . Among the ER+/PR+ patients, rs3817198 was statistically significantly associated with percent mammographic density (P trend per allele = 0.020), with the homozygous carriers having an 11% higher percent density than noncarriers (P = 0.030). However, the trends for ER+/PR+ and ERÀ/PRÀ cancers did not differ statistically (P = 0.19). For rs3803662 and rs13387042, the variants more strongly associated with risk of ER+/PR+ breast cancer (3), we observed no significant association with the percent density in ER+/PR+ cases.
Discussion
In this study, we found little evidence that established low-penetrance breast cancer susceptibility variants contribute to interindividual differences in MD.
MD represents the amount of stromal and epithelial tissue in the breast (13) . Fibroblast growth factor receptors are involved in cell proliferation, migration, and differentiation, and have been implicated in mammary carcinogenesis (4) (5) (6) . Therefore, we hypothesized that one possible mechanism by which rs2981582 (or the causal allele it is marking) influences breast cancer risk is through altering MD. However, our data suggest that neither this SNP nor the other susceptibility variants that we examined are strong predictors of MD in young women.
Homozygous carriers of rs3817198 variant alleles had higher MD than noncarriers among ER+/PR+ patients, but the formal test for interaction by ER/PR status was not statistically significant. Rs3817198 is located in intron 10 of a gene encoding lymphocyte-specific protein 1, a filamentous actin -binding protein that plays a role in B-cell signaling and the motility of lymphocytes and neutrophils (14, 15) . An alternatively spliced isoform of this protein is expressed in fibroblasts (16) , and lymphocytespecific protein 1 overexpression has been observed in certain drug-resistant breast cancer cell lines (17) . Although we cannot exclude the possible effect of rs3817198 on MD, our finding on rs3817198 is likely due to chance and needs to be replicated.
Women with homozygous variants in these new loci may be at a 17% to 63% higher risk of breast cancer than noncarriers (1) . If this increased risk were strictly due to MD, this should have translated to 9% to 30% differences in MD between homozygous carriers and noncarriers because a difference of 1% in MD has been associated with a 1.5% to 2% difference in risk (18, 19) . We had sufficient (80%) power to find 8% to 10% differences between homozygous carriers and noncarriers; however, no such differences were found.
In summary, we found no evidence that the FGFR2 variant (rs2981582) or the other five breast cancer susceptibility loci that we examined (rs889312, rs3803662, rs3817198, rs13281615, rs13387042) are associated with MD in this study of young women.
